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ABSTRACn 

There has been many controversies abotit the ellccts of additives in sintering of SiC. But no prior systematic work 
has been reported about the dilference between the etTects of B and D^C as additive. 

The sintering behavior of SiC and its strength are studied and the optimum concentrations of additives and 
sintering conditions for SiC arc determined. 

The circcts of U and U^C are studied with experiments such as surface area measurement, dilVusion phenomena, 
observations of dihedral angle and microslructtire developed during firing. 

The results show that B and IJ 4 C have same ctfeets on reactive sintering of SiC except the easiness of transport via 
vapor phase for uniform distribution in ease of B. The strength of sintered SiC without exaggerated grain growth is 
limited by surface flaws and is nearly independent of temperature up to NOO^C. 
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Table 1. Impurity Contents of Betarundum 

(Wt. %) 


f-SiO 

f-C 

A1 

Fc 

Mg 

Ca 

0.27 

0.42 

0.02 

0.05 

Tr. 

Tr. 
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Fig. 1. Grain Size Distribution of Betarundum 
(Ibigaiva Electric Industry Co. LTD) 
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Fig. 2. High Temperature Sintering Furnace 


Fig. 3. Scanning electron micrograph of sintered SiC 
without additives. (2000 X) 

Sintering conditions: 2050®C, O.SHr, Ar 


0.2mm/minS- 

• ETEC Corporation 
** Norelco, Philips Electric Instruments 
Theta Industries, Inc. 

**** Instron Corporation, U.S.A. TTDM Ser. No. 
2110 

***** Hot MOR Furnace, KAIST 
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Microstructure of sintered SiC with B4C and 
C. (500 X) 

Sintering conditions: 2050*C, O.SHr, Ar 


2wt«% Carbon 
205(& O.SHr Ar 


0.5* — ■ - J 

I.O 2.0 3.0 4.0 

AcUlitlvc Concentration (wt.t) 

Densiheation (Turves. 

Bulk Density vs Additive Concentration of 
Sintered SiC. 







Fig. 6. Microsiruclure of sintered SiC containing 
Iw/o BijCs and 2w/o C. (2000x) 

Sintering conditions: 2050® C, O.SHr, Ar 
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Table 2. Properties of Sintered Specimens 


\^^ditive 

Property'\^ 

Iwt. 9(B 
■F 

2wt. %C 

Iwt. ?{B 4 C 
+ 

2wt. XC 

Iwt. % 
BisCj-F 
2wt. 5«q 

Relative 

Density 

(»TD) 

98.2 

27.0 

79.6 

Porosity 

(v/o) 

1.68 

2.68 

131 

Poly- 

Major 

3C, 6H 

6H, 3C 

4H. 3C 

type 

Minor 

4H 

33R, 4H 

33R, 2H 

Thermal Ex- 
pans. CocIT. 
(20-1 100“ Q 
X IO-«(/“C) 

4.87 

4.18 

4.30 

MOR 

(kg/ 

cm^) 

R.T. 

4740 

4470 

4680 

1400 

“C 


4490 
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Transport phenomena in jS-SiC heated for 1 5 
min at 1700“C. (a) B. (b) BuC,. (c) B4C 
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A: Thin B-Coated Graphite Crucible 
B: Graphite Crucible 

C: Thin B|C-Coated Graphite Crucible 
2wt. %C-1- jS-SiC was sintered in A(or B, Q. 
Sintering Conditions: 2050“C, 0.5Hr, Ar 
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Table 3. Solid Solubility of B4C in SiC 


Investigator 

Type of 
SiC 

Temper- 
ature (°C) 

Solubility 
in SiC(wt. 
%) 

Refer- 

ence 

Secrist 

a 

2300 

<2 

(9) 

Prochazka 


2040 

~0.3 

(5) 

Murata et. 
al. 

a 

2200 

0.5 

(7) 

ShalTer 

a 

2450-2500 

<0.2 

(10) 
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4444 s.14-1 11 1 -8-^4 44 441 

11 44434 31-1344 f^i-4 ^1-11 11 
44 I-S. 44 I SiC 4 -1^13S.4 rg. 

b.-l 143, Cl SiC -14 il4 SiOj-^-l- 1144 
3 &I rsv-i- ^7}.»i^4t 11 1 4 5H4. Fig. 10 


4 Fig. 111 44 itl^l^D-i- l5a-i- 4154 
-I- 44 444-1- 414 141- 34^14. 

141- 44 51 -I- 41 88° 7V 7>1 fi4 4145414 
314I-141S. B«C4- Cl- 14-I- 41 123° 4 41 
xio] 1^14544. 4 141 B 4 C 4 C7V rb.b.l- 
^ 3 , rsvl- 1^71-44 444-i- 1^44141 41-1- 
14 «1 44144. 

3-3. 1-1 

Fig. 120 III 3lsj 13^4 441 114 3 13 
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3 4. d:14 444 13444 4-& lll-S-4 4 
41- 44’fl 5d4. 

■137V 1^7>44 44 431 4411 4443 3 

4 441-££ 1^4 4-#-44 ^41-f 44534. 4 

4 44 411S.1 44437 V 4441 2050°C4 
ll**!!! 4414. 444 -8-3l4-<-ll 41- 4S-44 
oH4 4 tflloi 441 ^ 44434 441 13 

4»M41 =il4 437V ^5!l:3 4^1)4 

37 V 141 13 41441 411 44114 44 



Fig. 10. Dihedral angles observed in sintered SiC with 
B4C and C. Sintering Conditions: 2050°C, 
O.SHr, Ar 



Fig. 11. Dihedral angles observed in sintered SiC 
without additives. 

Sintering Conditions: 2050°C, O.SHr,, Ar 
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33 yi-t SiCfi) its]-7i- i«doii.*inj. <yoii 4 B| tH7]-|‘o| 
71 ^s.7\ 1400°C;S£S. 

4H 

ji-g- 7 j^a 7 | 4 }S) ^<y°l s|t glassy phase 

7\ SjcK o]s\^ aV7J4 

Table 2fi) <a 3 a^ 7 ll^a-V.El 4 .^;^ 

:a-8- Tfluoic}^ ^4- ^41 XI cK 
Fig. 14 tr at^st^ 7 |^S] i'll-!- lOOOgritdiamond 
wheels y ;^^-|- A<»l 

S^- 8 : =’iS.7\ 16?« •g‘7>^ 

S- 8 - M-Efba4. “l^l- = 5 h^ 

<ti^,^i7f i'dsi 7jvi ^-a- 51-l^tK 


MOR and Sintered Density vs Sintering Tem- 
perature 

Sintering Conditions: O.SHr, Ar 
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Fig. 14. MOR as a function of temperature (O) as 
sintered and (•) as sintered and polished 


Fig. 13. Scanning electron micrographs of fracture surfaces of sintered SiC containing Iw/o B2C SiC 
containing Iw/o B 4 C and 2w/o C. (2000X) Sintering conditions: O.SHr, Ar, (a) 1950°C, (b) 
2050“C, (c) 2100“C 
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